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600”c B 8N)”c 1000’C, and 1200”C for 2 h. The calcincd residues

Statically leached (stirrcxl with distilled 1120) for n period of

were then

48 h usjng

a ratio of 4 ml! 11 0 to 1 g of talc.ined refuse,
2

and pll’s and total dissolved

solids dctcrmincd.

The effect of the refuse calclning trcatrncnts on the mineral composition

of the refuse is illustrated by “rabLcs 1 and II. Table I delineates the

changes in refuse mincra].ogy that have occurred as a function of heat treat-

ment TaMc II presents the mlncral convcrxion reactions that occur aL lli~h

temperature. IL ic seen irom Tahlc I that the two most cnvironnwntally

actjvc spccics, pyrite (marcasite) and calcite, have been trannformeti to

high Lcmpcrature phases by 600GC. By 10000(: cv[!n the clay mjnerals have

been convcrtcd to structural].y indcfinahlc aluminosilir..ntcfi. The x-ray

diffraction analyses reported in Table I confirm that the mineralogical

transformnLions listccl in ‘lhblc IT have been effc+ctcd !)Y heat treatment in

the ranfic of 800 to 1000”C. l)l~yslcally the mmples calcinecl at 1000”C were

fusml or sintcrcd at partlclc zurfar.es.

~h~ fju~c~s+ =f L!:O La.Jc:fI”I-f.11:,L,rt~3tmcnL ,It rdu~~~: trilCP CIC~ir.l~~

relcnfies during rcfur,c lcachinfi is illu~tratcd by Tabi~ .11, which lJsts

trace element data from a comparison l.cachinu test of calcincd and uncalcincd

rcfufic mmplcso The refuse samples rcfcrrcd to in the tnhlc had ken suh-

jectcd to static lcachin~ for 48 h. It 16 ccen that ~’k concentrations of

the group of toxic clcmcnts listed are rcrlm-cxl in the Imclmtes fr(m the

calcinccl refuse by as much as two orucrs cf mnznitude mvcr the conccntrati.on

in the rnw refuse l.cachates. l,cncllin~ experiments wcrf also conducted

using ncid solutions (pil < 2) with csmmt~ally the same rrslllts.

Cnlcinir,~ of arid coal refu%c rnatcrklfi prior toi.?sposal could

produce several beneficial Cffccl.so Foremost among t!w:;e is the conversion

Of an active, hifillly pollutinfl wn~te matcr~al into a ck!!nlcal.]y and

geologically inert mass that ran

nnywherc with ordinary landfill

a hi~hly cffcctivc and prrmanrnt

problcm. A coroll.:lry to this is

bc e:lsily and mfcly l~sposcxl almost

practiccvi. Tn so doi.lg cal.cining prc~cnts

solutjon to a most dj;iricul.t waslx control

that tll~ cnl.cincd rcf,~ac materials mi~ht bc

.



thxlcbed

600
800

30DD

1200

mm

II

Cltlytl

calcite

FyriH?

or
Fkrcasitc

Quartz

TAB*.E I

arms of cAICCiIKGOHmu Rrn’se Mmmuti

“XABLEII

HICH SULFUR COAL RWUSE

IHGR TEMPERATUREXJRHbU 2HIANSFORMATIONS

Complex Aluminosilkatcn

CaO + C02 t

Fe2(!3+ S02 +

Quartz



TABLE 111

Trace Element Leachablllty of a HiCh Sulfur Coal

Refuse Sample Calcined at 1000’C

Element Uncalci-ned Refuse--- .—.

Ala
Fe

Ml

co

Ni

Cu

Zn

cd (ppb)

100

600

5.8

2.8

4.8

0.10

2.8

68

Calcfned Rcfu~e-—

0.4

c 0.03

0.03

< 0:01

0.01

0.01

0.05

0.3

pll 2.9
. 8.0

TDs(%) 1.4 0.2

- %achate concc:nLration rc!lorted as ppm unless othcruise noted (50 &
crushed refuse/2C0 ml }120/48 h)

Codispc,sal Of \./i’SLC!; i?l.tll illk~linc !Lalcri.al:;——,.— .,-,......—-—.—.— —-— —.— .





The codlsposal. OK a“lkalinu a~cnLs sucli a:: lim(:witli .nc~dic coal rci~sc

nmtcrials dots appear to be an aLLr:lctiVC option for controlling tr,lcc

element contamination of disposal area drainn~cs. The tC!Chll~qlJC is only

morlcratcly costly (wc estimate $0050 tO $1.00 per ton of cleaned coal) and

appears to bc. a hi~hly ~ffcctlvc means of prr?vcnLing the release of a con-

taminated drajnagc from coal refuse clumps. T1-Ietcchnolof:y for mixil!~

alkaline a~cnLs with coal refuse materials should be relatively simple and

is immediately cffcctivc.

There arc also a few UncC!rLain aspects ccrtucctccl with the use of

all:al.inc addi.tivcs for coal r::fusc: materia].s. One unccrtai.nty invol.vcs the

long term cffcc.tivene:;sor pc::.:lnclwyOf the m.cL]IOd. The durability and

immobility of the alkaline additives over I.OPXEcolocic periods must be

demonstrated. Another potential drawback of codisposinfi alkaline additives

with high sulfur coal refuse materials concc?rnfitl~eRCRA classification of

the resultinz refuse-additive mixtures. It is not at all clear whctlmr such

a mixture would be classified as hazardous or noriha::ardous. lk pointed

out earlier, a hazardous RCRA desi.i;nationcould be quite co~tl.y for the

disposal siLc upcrntcr. Another somewhaL nclg:{[ivcaspect of refuse

rcM15.sprJ~alwI.LI)alk:iJlnc nl:enLs as cumlJared LO ICIUSe cG~c~n~:”IL, -c:”r

example, is its low potrl!t~.alfor by-product r(:covery. Tile lack of such

potential., of course, nc};atcs the possibility of r)ffscttin~ environmental

costs with rcl..ovcrcdProduct value,

Control Cf trace c’lemcnL (’ontamill:ltinnof rcfll:;~dllm~drflina~c:—.— -..—.——- .——— .. ..—

Water treatmclnt i!;tilebest known and wi(lcly I)racticed of control

technr)logics. !,!llilrwc have evaluated known ancl recognized control mctllod’;

of Water tri>:lUumL for LIIC! coal wasLr draina[’,r:+, (ion exchange, reverse

osmosis, Oxidation, Cll(!liltiOll), Kc are most inLcI.c:;tcrl incontrolri tl]:ltarc

rcalisLic j.nterms Or ro:it and c,a9tIof implcm~’lltfition;Lhrsc+tiremost

neccss~jry Consiclcratiollfiillview of t.llcenormous ~cncraL30n rate (flrcater

than 100 million tong PLIr year) Of the coal. wasLcs. OEC area that we have

concentrated on is PllconL’rol by mcalw OC alkal.inc neutral.ization. The

effect of pllon drain~r,r:;from lli)’,11s~lifurcoal WaSLCS in tllc Illinois Basin

has been inv~>stigntcd C>xtcnsivrly d~lrin~ the prot,res:;of our invcsti~otions,

allrlin Tabl.c IV wc show snmc val.ucs rJfTDS VG pli(lcr~ved from experiments

conducted on Iaborntory l:cnvratccll~achatcs. lhlrilluthese studies, coal

wastrn from tllrl’ediffc’rent crxllclennin~ p]:lntswere usccland the table

rrprescnl.s OVCr:lll SVt?ril/’.CS.



p}l

1.7

2

3

5

7

TA!3?.F

EFIWC’1 OF TII1 ON TOT,ll.
FOR IIICI{ SULFlil{ CO,\L

l~r

DISSOI,L’EI.) SOLIDS
CLF~\}JlN(1 WASTES

TDS (%)

5.1

1.2

0.4

0.3

0.3

f,lksl.inenc:utralization is currently used t?xtcnsivcly Lo treat acid

drainage from coal mines. k!hi]c it is wcl”l known tlmt alkaline neutral-

ization is very effe.cLive in controllin~ tl]cacid and overall Snlt-ccrn-

positians of mine waste waters, L!ledugree Gf control that Ll\is llleLhod

exerts over sonico{ the more hi~hly Icacll,qhletoxic Lr~cc elmwnts rmmins

to be established. Elaboration oi this latter point is tl~ebasis for the

study t!latwe concluctcw in tilisarea.

The cxperimenL:; that wc conducted were basically t.itrnticlnsin which

limestone, lime, or l.yc (NaOl!)were added tu onc liter of cunt;~mill:ltcwl

refuse draina}:c until a prcdctcrl,lincclpllv~lue was rcncllml. ll)L’ SIJ1.ltiOnS

(or slurries) wer,: allowed LO sit ovcrni~l,t, were fi 1 tcred, the pl! fs wrr

me.asurcd, and tlie c:o:nposi.tions of Lhc rcsll].LiIl~ so](lt-i~>n.~ t:crc :II!.’Ilv::L.d.

AS arc the ~t’i:!r control tcchlliqucs clisc~lsscc!in tll~s rc’i~nr[, :Il!:iil.jn,;

neutrali.zati.onhas hcen shown to hc an cff~’rlivc rnctl]odfor rrllul..ill;;(Jr

abatin[; tl”nceclcmrlitco~tamln:?tjor:of coal refuse drain:l~.c. ‘11’(’:!l”ojL’L’tcd

costs for :;ucI1 a l.l-CflLEW’nL arc’ rC’~laL~Vt’]~ low ($O.1O to $0,8U IICI- 1(111 of

clcnnm.1rod].)and Lllctcchniq~lu is relatively WISy to ;Ippl)-, as cv;l!~’nc.ut!

by Lhc! la]”ficnumhcr of ncut’rali::~Lion plailt:;a.lr{’:;(lyillopcrati[)n to

treat acid mine drainasc.

~lOW?.\’Cr, iIIS~]:L!Of tllC! ].(?W C~~~ ~nd L’(ISC Of ~pl)li(.~~1011, ~llk~,~illC

ncutraliz,atiollllll:ssol.lcrat.!lcr con91dcrablf1 CliSLI~lW-,~71t:IIIC?f;. For cx:Imp 1 c!,

its 11s(’ Ilc!vcr real.]y treat’: tlw fmurrc Or l’f~llL:]llllllcLi[Jll(i.e., LINTrcf(lse

itself) and LrcnLmun[ of draill;lj’rfrom Ll;{:disposal !;iLe Ihls hc? llL’(’Lll’d



a]moct Indcfinjf Cly. Al so, ●l t.llcu~hthe fi!andard refuse disposal

prartice ct present involves buryit,~ the refuse on top of Impermeable

lincrst such as clay, to cl)annel r{,f~~sedump drainage into treatment areas,

it is very difficult to innurc thfitdraf.na~:ewill not Cventu.llly escape

tlmough cr around these liners and thus nc~ate the effectiveness of this

method. F.notljcrconsidcr:ltj.onthat my make alkaline neutra~izatfon less

attractive in-;o]ves the cost associated with mc~ctinu RCRA requirements.

Very possibly k?ii~;t~material-s dispo:;ed of in a way which produces

contaminated dr:~inai:ewill be clac:;ificd as h;izai-(?ous. ThuG the apparent

low cost of alkal~nc neutl.,iization 1711yhave to be tempered with additional

costs necdcil to meet RCRA permit c..nJ perfomiance requirements. Finally

there is li’ttic opportunity for by-product recovery durin~ or subsequent

to neutralization treat.ment. ‘1’hus the pot~’ritfcl for realizin~ econmic

gain in this way is quite low.

Suing—.

t!e have dcscribcd our three catc~orjt!s of control strate~ies and

have given CX:IWJIQS of the effcctiv[’ncss of cncI~ (see attached material

f~.,~ Ornl prr.s(~nt.’ltiorl,).‘1’hrconcl~~::ionsare s~]mnarized in ‘Jabie V.

TABLE V

. —— — . . . --..——. — . ———. .-—..-

(XYST

EFFECTIV Eii ESS

PR-WESS CC,?LEXI TY

TREAT?>4DNTDJRATl014

BY-+RCXNCTS POTtNTl AL

PEFMJNENKY

I?(3-M

. ..- -..-..-,,. _.._

HIGH 1:
-—--- --.. . .. . .-.

GcxX’

________
I

— ---—————i

iKICJEPA”rE[

CJL:~<T

..—.. —-—

NW c i—....—
~ 1

I

9 I

———.-—---

LU!?

(xxxl
—.—.—

WX)ERJ%TE
——.—

\’ERY L())!G

NONE

PCXIR

i-L&7ARM7.)5
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PREFERRED ORDER OF ENVIRONMENTAL

CONTROL STRATA(2JS FOR ACID COAL REFUSE——

o Immobilize or r

o Prevent roloase

emove toxic elements

of trace elements



I

HJMOBILIZATN3N OR REMOVAL
OF lfNC ELEMENTS——

z--(yRW&..->



REFUSE C.YWCIN!!W

ifl Acidic C23d Fkf use by Converting

H to cm ha-t Idciss by Heat Trmtme:-d



I

MINERAL COL?POSITION OF HyLINOIS BASIN COAL REFUSE

Mi N ER4L

CciIciie

AVERAGE (WT %1.. . ... .—

37.3

3(2.2

23.0

0.4

0.5



,<6
Jy

TEMPERATURE Q—— ---- — ..-

UJ’:CALCIN ED

(500

10’30

12CC)

EFFECT OF CALCi NHNG ON COAL REFUSE MINERALOGY—— -- ——

‘WY!%-.
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TRACE ELE!KNT LEACHAB HJTY OF A H! GH SULFUR COAL

~EFUSE SA!.:PLE Cfl.LCINED AT 1000”C

I

El ermnt—

M

Fe

Mn

co

Ni

CLI

Zrl

Cd(ppb)

IU!NR

Uncalcined Refuse__ . ... . . .. ..-.——-..—-

40

240

2.3

1.1
1 ●S

o.@4

1.1

27

Lecchafe conconfr~tion reported as

&j!cined Refu_SS

0.3

<e. 02
0.02

<0.3?

0.01

0.01

Cl 94.

0.2

8.Q
0.2

ppm unless otherwise noted

,



ADVANTAGES OF REFUSE CALWWK-—

g HIGHLY EFFECT~YE

o PERMANENT POLLUTANT CONTR~L

“ SHORT TREATMENT DURATION

c HIGH BY–W?(XY.JCT RECOVERY POTENTIAL

c ~Cl?A NCNl+AzA:cUJs CLASSIFICATION

Q!w!2



.

WNU’)VANTAGES OF REFUSE CALCIIWW—— .-

“ I-!IGH COST

o POTENTIALLY COMPLEX TECHNOLOGY

w



REFUSE CN C! W’”JG—— -- L .—

COSTS !/4 ilOLLA!?S P~R TON OF ~~EANED COAL...—. =——. —. ——...

PLANT A. .— --—-

3.29

2.14

1.80

PLANT B

4.45

2.80

4.94

3.08



PREVENT RELEASE OF TOXIC ELEMENTS——

* Codispose with neutralizing ~gents

o Codispose with sorbents

o App!y refuse dump sealants

Q Use refus9 for something else



I IME CO!) ISPOSAL-..—.

The Codisposcl o-! Lime with Coal Refuse

to Conlrol the Acidity of Refuse Leachates

and ‘Prevent the i?~lcase of Toxic Contcimi~anls

i

I
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LEACHABILITY OF REFUSE/LIME MIXTURES

pH

TD5(Z)

AI

F-c!

I’*?I

co

Ni

Zn

Cent ro I Ref~jse+3% Lima

7

0.4

<0.6
~g

1

0.3

0.5

0.1

Refuse+l OZ Lim

12

0.5

<0.5

<0.1

<0, @2

0.1

0.1

0.02

VohIe/RefLm3 N 0.7
Va!uos in ppjrn of Ieachate



ADVANTAGES OF LIME COD ISPOSAL——-. .——-

“ MODERATE COST

~ 1+GHL% EFFECTIVE

Q SHORT TREATM3’4T DURATION

e ~EL!,Tpi/ELY SIMPLE TECHNOLOGY



!XSADWWTA(ZS W LIME COD fSP05AL—.. .—.

o UNKNO%TI PERMANENCY

g LOW 13Y-? RODU’:TS RECOVERY POTENTIAL

● RCRA CLASSIFICATION IN QUESTION



!-ME COD ISPOSAL

COSTS !N DOLLARS pi;-< TON OF CLEANED COAL—— —

25% OF THE(?RETICAL LIME

PLANT A

0.58

PLANT 8 PLANT c—.—

0.82 0.93



TREATMENT OF CONTAMINATED REFUSE DRAINAGE

e

e

e

0

e

o

e

%

Alkaline Neutralization

Ion Exchange

Reverse Osmosis

Chelating or Completing Agents

Freezing or Distilling

Biological ‘Ireatment

P~ccipif~ting Agents

s~[ect;4~~3 Sorbents



.

ALKALINE NEUTRALIZATION

The Use of Alkaline Agents to Reduce

the Acidity of Cm! I?eftise Leachates and
Remove Toxic Elements by Preci~!tation8



r- -
ION 9F CONTAMINATED REFUSE DRAINAGE

Lye Limestone

1.1 6 7.1
0.5 5.4 3.2

18 <0.2 <g’. 2

829 ~eg~ 0.3
3.6 0.07 6.4
2.0 mm 1.0
32 G . w 1 .0

Lime

6.6
3.2

<().2
G.3
1.0
0.6
0.7
0.1
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ALKALINE NEUTRALIZATION“-——

[COSTS IN DOLLARS PER TON GF CLZANEG COAL~

LIME PRECIPITAT!CN

PLANT B RANT C——.. .

0.83 0.06

I

I

i
!
!

I
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EFFECTIVENESS

PXXESS @,’= LE)(l T YJ-

TREATMNT U?ATI ON

EIY-PRCWCTS POTENTiA L
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